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Abstract 
00 

^D \ We study the detail derivation of the multiple D2-brane effective action from multiple M2-branes 

CN ■ in the Bagger-Lanibert-Gustavsson (BLG) theory and the Aharony-Bergman-Jafferis-Maldacena 

(ABJM) theory by employing the novel Higgs mechanism. We show explicitly that the high- 
order F^ and F* terms are commutator terms, and conjecture that all the high-order terms are 
commutator terms. Because the commutator terms can be treated as the covariant derivative 
terms, these high-order terms do not contribute to the multiple D2-brane effective action. Inspired 
Oh' by the derivation of a single D2-brane from a M2-brane, we consider the curved M2-branes and 

j-G . introduce an auxiliary field. Integrating out the auxiliary field, we indeed obtain the correct high- 

order F^ terms in the D2-brane effective action from the BLG theory and the ABJM theory with 
^ \ SU{2) X SU{2) gauge symmetry, but we can not obtain the correct high-order F^ terms from the 

00 ! ABJM theory with U{N) x U{N) and SU{N) x SU{N) gauge symmetries for iV > 2. We also 



00 



o 

oo 
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X 



briefly comment on the (gauged) BF membrane theory. 
PACS numbers: 04.65. -he, 04.50.-h, 11.25.Hf 



I. INTRODUCTION 



Inspired by the ideas that the Chern-Simons gauge theories without Yang-Mills kinetic 
terms may be used to describe J\f = 8 superconformal M2-brane world- volume theory [l|, |2] , 
Barger and Lambert |3|, U, |5|, as well as Gustavasson (BLG) p, [^ have successfully con- 
structed three-dimensional A/" = 8 superconformal Chern-Simons gauge theory with mani- 
fest 5*0(8) R-symmetry based on three algebra. And then there is intensive research oii the 
world- volume action of multiple coincident M2-branes 
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Although the BLG theory is 
expected to describe any number of M2-branes, there is one and only one known example 



with gauge group SO (A) for the positive definite metric ly, |20|, l2l(]. At the level one of 
the Chern-Simons gauge theory, the BLG SO (4) gauge theory describes two M2-branes on 
a B? /Z2 orbifold 13|, [ij]. Thus, it is very important to generalize the BLG theory so that 
it can describe an arbitrary number of M2-branes. 

By rela xing the requirement of the positive definite metric on three algebra, three 



groups [2J, |25|, |26| proposed the so called BF membrane theory with arbitrary semi-simple 
Lie groups. However, the BF membrane theory has ghost fields and then the unitarity prob- 
lem in the classical theory due to the Lorenzian three algebra. To solve these problems, the 
global shift symmetries for the bosonic and fermionic ghost fields with wrong-sign kinetic 
terms are gauged, which ensures the absence of the negative norm states in the physical 
Hilbert space J4o|, |43| 
three-dimensional M 
tion due to de Wit, Nicolai and Samtleben [86|. 



However, this gauged BF membrane theory might be equivalent to 
: 8 supersymmetric Yang-Mills theory [47] via a duality transforma- 



Very recently, Aharony, Bergman, Jafferis and Maldacena (ABJM) have constructed 
three-dimensional Chern-Simons theories with gauge groups U{N) x U{N) and SU{N) x 



SU{N) which have explicit A/" = 6 superconformal symmetry 
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44j ] (For Chern-Simons gauge 
Using brane constructions 



theories with A/" = 3 and 4 supersymmetries, see Refs 
they argued that the U{N) x U{N) theory at Chern-Simons level k describes the low-energy 
limit of N M2-branes on a C'^/Zk orbifold. In particular, for k = 1 and 2, ABJM conjectured 
that their theory describes the A^ M2-branes respectively in the fiat space and on a R^ / Z2 
orbifold, and then might have A/" = 8 supersymmetry. For N = 2, this theory has extra 
symmetries and is the same as the BLG theory 44 1. 

On the other hand, D-branes are the hypersurfaces on which the open strings can end, and 
their dynamics is described by open string field theory 89|]. The low-energy world- volume 



action for D-branes can be obtained by calculating the string scattering amplitudes 90 1 



or by using the T-duality [91|. As usual in string theory, there are high-order a' = i^ 
corrections, where ig is the string length scale. For a single D-brane, the D-brane action, 
which includes all order corrections in the gauge field strength but not its derivatives, takes 
the Dirac-Born-Infeld (DBI) form [92| . For multiple coincident D-branes, Tseytlin assumed 
that all the commutator terms should be treated as covariant derivative terms for gauge 
field strength, and thus should not be included in the effective action [9(| . And he proposed 
that the action is the symmetrized trace of the direct non-Abelian generalization of the 
DBI action [90] . This non-Abelian DBI action gives the correct terms up to the order 



F'^ that were completely determined previously 93|, |9J]. But it fails for the higher order 



terms 



95 



96| . Because the F^ terms can always be written as the commutator terms, they 
are not interesting in the discussions of the D-brane effective action. 

With the multiple M2-brane and D2-brane theories, we can study the deep relation 
between them. As we know, the full effective action of a D2-brane can be obtained by the 



reduction of the eleven-dimensional supermembrane action [97|]. So, whether we can obtain 
the effective non-Abelian action for multiple D2-branes from the reduction of the BLG and 
ABJM theories is an interesting open question. Mukhi and Papageorgakis proposed a novel 
Higgs mechanism by giving vacuum expectation value (VEV) to a scalar field, which can 
promote the topological Chern-Simons gauge fields to dynamical gauge fields [81]. And they 
indeed obtained the maximally supersymmetric Yang-Mills theory for two D2-branes from 
the BLG theory at the leading order. Also, there exists a series of high-order corrections |8|. 
In this paper, we consider the derivation of the multiple D2-brane effective action from the 
multiple M2-branes in the BLG and ABJM theories in details. Concentrating on pure Yang- 
Mills fields, we show that the high-order F^ and F^ terms are commutator terms, and argue 
that all the high-order terms are also commutator terms. Thus, these high-order terms are 
irrelevant to the multiple D2-brane effective action. Note that the (gauged) BF membrane 
theory does not have high-order terms, the BLG theory, the (gauged) BF membrane theory, 
and the ABJM theory give the same D2-brane effective action. In order to generate the 
non-trivial high-order F'^ terms, inspired by the derivation of a single D2-brane from a M2- 



brane 97|], we consider the curved M2-branes and introduce an auxiliary field. In particular, 
the VEV of the scalar field in the novel Higgs mechanism depends on the auxiliary field. 
After we integrate out the massive gauge fields and auxiliary field, we indeed obtain the high- 
order F^ terms in the D2-brane effective action from the BLG theory and the ABJM theory 
with SU{2) X SU{2) gauge group. However, we still can not obtain the correct F^ terms in 
the generic ABJM theories with gauge groups U{N) x U{N) and SU{N) x SU{N) for A^ > 2. 
The reason might be that the SU{2) x SU(2) gauge theory has three-dimensional Af = 8 
superconformal symmetry while the U{N) x U{N) and SU{N) x SU{N) gauge theories with 



N > 2 may only have three-dimensional Af = 6 superconformal symmetry 72|. We also 



briefly comment on the (gauged) BF membrane theory. 

This paper is organized as follows. In Section II, we briefly review the novel Higgs 
mechanism in the BLG theory and (gauged) BF membrane theory, and study the novel 
Higgs mechanism in the ABJM theory. In Section III, we calculate the effective D2-brane 
action with the leading order F^, and high-order F^ and F^ terms from M2-branes. In 
Section IV, we generate the high-order F'^ terms by considering the curved M2-branes and 
introducing an auxiliary fleld. Our discussion and conclusions are given in Section V. 

II. NOVEL HIGGS MECHANISM 

In this Section, we briefly review the novel Higgs mechanism from M2-branes to D2- 
branes in the BLG theory and (gauged) BF membrane theory, and study it in the ABJM 
theory. 

A. The BLG Theory and BF Membrane Theory 

In the Lagrangian for the BLG theory with gauge group SO (A) |j], we deflne 

jatcd ^ j^atcd , / = ^ , (1) 

where k is the level of the Chern-Simons terms. We also make the following transformation 
on the Yang-Mills flelds 

Afj.AB — ^ T^M-B • (2) 

Then the Lagrangian for the BLG theory with gauge group SO {4) becomes 

-V{X) + ^e^'^\e^''''^A,ABd.A,cD + ^'''^0^''^'''' A.abA.cdA^ef) , (3) 
where A = 1, 2, 3, 4, J = 1, 2, ..., 8, and 

V{X) = ^-eABCDeEFG^X^^'^X^^'^X'^^^^X'^^'^X^^'^X''^^^ . (4) 

As we know, the strong coupling limit of Type HA theory is M-theory, and the coupling 
constant in Type HA theory is related to the radius of the circle of the eleventh dimension in 
M-theory. Thus, for D2-branes, the gauge coupling constant is also related to the radius of 
the circle of the eleventh dimension. And at the strong coupling limit the D2-branes become 
M2-branes. To derive the D2-branes from M2-branes via the novel Higgs mechanism, we 



compactify the M-theory on the circle of the eleventh dimension by giving VEV to a linear 
combination of the scalar fields X"^^^^ [8]. Because we have the 5*0(8) R-symmetry and 
SO (4) gauge symmetry, we can always make the rotation so that only the component (X^*^*^^) 
develops a VEV 

iX'^"^') =-0 = ^, (5) 

where we split the index A into two sets a = 1, 2, 3 and = 4. In addition, the gauge fields 
are splitted into A^ and 5^ 

A;^A';f, B;^^e\,A';. (6) 

And then the Chern-Simons terms can be rewritten as 

l^M-A^ABCD^^^^^^^^^^ = 4e'^^"5^9,A,, , (7) 

le^^'ecDA^'eEFCBAfA^^Af^ = -4e^''\,,B;A',Al - ^e^'^'eatcB^BtBl , (8) 

where we neglect the total derivative term. Combining these two terms, the Chern-Simons 
action becomes 

/:cs = J (2e^'''B^^F,,a - ^e^^'eatcB^BlBl^ , (9) 

where F^Aa = duA\a—dxA^a—'^^abcAlA1 is the field strength for the gauge field A^. Similarly, 
the kinetic terms for the scalar fields are 

D^X"^^^ = d^X"^^^ + eVs^J:^^^^^^ = d^X^^^^ - 2e''cbAlX^^^^ + 2BIX'^^^\ (10) 

D^X'^(^) = d^X^^'^ - 2B^aX''^'\ (11) 

Substituting these back into the action and setting X^^^' — >■ X'^^^' + f , we obtain the terms 
involving i?fj from the scalar kinetic terms 

C = -—B;Bii - —X^fB^Bii - 2X"^X"^B^^Bii - 2i?;i?,^X*«X^(,) 

2?; 
-2B'',X^^''^D^'X^P ^B'^D^'X^ - 2X^'^5"D^Xf ) 

-2B^aX''^^^B^X^^^^ + 2B^X''^^^d^X^^^\ (12) 

where i = 1,2, ...,7, and the new defined covariant derivative is D^X""^^^ = d^X""^^^ — 
2e"'bc^^uX''^^^- Therefore, the relevant Lagrangian for pure Yang- Mills fields is 



M 



^YM = J {-2v'B;Bi: + 2e^^^BlF,,, - ^e^^h^^^B^B^Bl ] . (13) 



Next, we would like to briefly review the result of the novel Higgs mechanism in the BF 



membrane theory [2j, |25|, |26|. Here, we follow the convention in Ref. [251] except that we 
choose 

{B,)a ^ 1{A,),J^ '^ . (14) 

In this theory, the equation of motion for ghost field X£ gives the constraint d'^X!^_ = 0. 
So, we can give a constant VEV to X^, i.e., X^ = v. And then we obtain the relevant 
Lagrangian for pure gauge fields 

C = -2v'B^^Bi: + 2e^^^BlF:^ . (15) 

It should be noted that unlike the Lagrangian in Eq. (fT3|) in the BLG theory, there is no 



cubic term for 5" in above Lagrangian. And this is one of the motivations of the work 47] 
which showed that the gauged BF membrane theory might be equivalent to the maximally 
supersymmetric three-dimensional Yang-Mills theory via a duality transformation due to de 



Wit, Nicolai and Samtleben [861]. 



After gauging the shift symmetries for the ghost fields Xl_ and ^ - in the BF membrane 



theory [40|, |43|] by introducing new gauge fields, we could make the gauge choice to decouple 
the ghost states. And the equation of motion for the new gauge fields gives the constraint 
d^j^Xl_ = 0, which indicates that X^ must be a constant. We emphasize that in this case the 
relevant Lagrangian for pure Yang-Mills fields is still given by Eq. (IT5l) . 



B. The ABJM Theory 

Very recently, Aharony, Bergman, Jafferis and Maldacena (ABJM) have constructed 
three-dimensional U{N) x U{N) and SU{N) x SU{N) Chern-Simons gauge theories with 
A/" = 6 superconformal symmetry. From the brane constructions, they argued that the 
U{N) X U{N) theory at Chern-Simons level k describes the low-energy limit of A^ M2- 
branes probing a C^/Zj. singularity. It was conjectured that for k = 1 and 2, the ABJM 
theory respectively describes A^ M2-branes in fiat space and on a R^ / Z2 orbifold, and then 
may have A/" = 8 supersymmetry. For N = 2, this theory has additional symmetries and 
becomes identical to the BLG theory. In this subsection, we will study the novel Higgs 
mechanism in the ABJM theory. 



Following the convention in Ref. 46|], we can write the explicit Lagrangian in ABJM 
theory as follows 

C = 2Ke^-''TT I^A'^d.A', + jA'^KA', - A^d^A, - jA^A^A,^ 

- Tr [{V^ZyV^Z + {V^.WyV'^W - i^i^V^C - i^^YV^u;) 

- 'i^erm " Hos , (16) 



where 

Z^ = X^ + iX^ , Z^ = X^ + iX^ , W^i = X^^ + iX^t , W2 = X^^ + iX^^ , (18) 

where X* belongs to the bifundamental representation of U{N) x U{N) or SU{N) x SU{N), 
and here we do not present the potential Vferm and Vbos since they are irrelevant in the 
following discussions. For our convention, we choose 

Tr(T'^T^) = ^Sab , [^^ T'] = i^.T'^ , (19) 

where T"'*''^ are the generators of the corresponding gauge group. 

Similar to the novel Higgs mechanism in the BLG theory, we give the diagonal VEV to 
X^ as follows 

(X^) = vqInxn = yy/KlN^N , (20) 

where Inxn is the X by X indentity matrix. Also, we define 

A, = ^{A'^ + A,), B, = ^{A'^-A,). (21) 

So we have 

a; = A^ + B,, A, = A^-B^. (22) 

From the kinetic term for W2 and the Chern-Simons terms, we obtain the relevant Lagrangian 
for pure Yang-Mills fields 

^YM = K (^-2v'b;^B^ + 2e^'^^5^F.,A - ^e'^"' fabcB^BtBl^ , (23) 

where F^,^ = d^A^, — d^A^ + i[A^, A^]. Note that the BLG theory with 5*0(4) gauge group 
is the same as the ABJM theory with SU{2) x SU{2) gauge group, so we can obtain the 
Lagrangian in Eq. (TT3l) from that in the above Eq. fl23l) by rescaling fabc- 

III. EFFECTIVE ACTION FOR THE PURE GAUGE FIELDS 

Because Bf^ is massive, we will calculate the effective action for pure Yang-Mills fields 
by integrating it out. Due to the absence of the cubic term for 5" in the (gauged) BF 
membrane theory, we do not have the high-order corrections in the effective action of gauge 
fields. Thus, we will concentrate on the BLG theory and ABJM theory. The relevant 
Lagrangians for pure gauge fields are the same for the BLG theory and the ABJM theory 



with SU{2) X SU{2) gauge symmetry, and the ABJM theory is more generaL Thus, we will 
use the Lagrangian in Eq. fl2^ in the following discussions. 

From the Lagrangian in Eq. fl23|) . we get the equation of motion for B"^ 

B'a = ^2'"''FauX ' ^.e^"' UcB^Bl . (24) 

We can solve the above equation by parametrizing the solution in l/v"^ expansion 

B'a=E:^iC^rX- (25) 

Substituting it back into Eq. f l2^ . we obtain 



n ^ "^ "^ n,m 



Because we only know for sure the high-order terms up to the order of F in D2-brane 



effective action 



90 



95l . lOq . we only need to calculate the solution to Eq. 1^^ up to the 
order of 1/v^^ or (Cio)^. And the non-vanishing terms in the solution are 

(^2)^ = ^e^^^F... , {CeT, = - le^''faUC2)liC2)l , (27) 

(Cio)^ = -e'''''faUC2)liC,)l . (28) 

Integrating 5° out, we get the Lagrangian for pure Yang-Mills fields 



where 



2K 

1? 



4'li = ^ic.r.ic.Ta , (30) 



9 T<" 

-^YM = - a^^^'' /afec(C2))l(C2)i,(C2)A , (31) 



9 /<' '? TC 

-^YM = n)-(C6)^(C6)a J^<^'"'^fabciC2)1,iC2)liCQ)l. (32) 



Using Eqs. fl27j) and fl28|) . and the useful identities in the Appendix A, we obtain 



£?^= -^Tr(F=) . (33) 



C% = ^TV(f„.,,[f^"",F,,«l) , (34) 



4'!. = ^Tr([F''^F''^][F,,,F,.]) . (35) 

Thus, Cyli is the kinetic term for the gauge fields A'^ and is the leading order of the su- 
per symmetric Yang-Mills effective action. Moreover, the gauge coupling in the BLG theory 
is 

«?.„ ^ ^ ^ ^ oc I , (36) 

and the gauge coupling in the ABJM theory is 

V V V 

^^M = ^ = ^ oc -^ . (37) 

So for very large vq and k, we can still keep the gauge coupling as a fixed constant. For 
D2-branes, the gauge coupling is related to the string coupling and the string length as 
follows 

9YM = {j-/'- (38) 

And then for the fixed string coupling, we have Qym "^ oT^I"^ . Therefore, Xjv is proportional 
to a'^/^, £ym ^^*i -^YM ^^6 proportional to fl'yM'^' ^'^d 9y\i'^'^ ■, respectively. In short, they 
are at the correct orders according to the a' expansion. 

Because C/yIa ^^*i -^ym only have commutator terms, these high-order terms are covariant 



derivative terms and then do not contribute to the effective action for the D2-branes [90|. 
We conjecture that all the high-order terms obtained by this approach are the commutator 
terms. The point is that the equation of motion for 5" in Eq. (I24p can be rewritten as 
follows 

5^^^ = -^e^'^^F,\ + ^e^''^^Tr(T"[5,,5A]) . (39) 

Because all the high-order terms originally come from the last term in the above equation 
which is a commutator term, all the high-order terms should be the commutator terms and 
then the covariant terms. Thus, moduloing the commutator terms or covariant derivative 
terms, we only have the kinetic term for the gauge fields A'^ from the BLG and ABJM 
theories, which is the leading order in the D2-brane effective action. And then the effective 
action for pure Yang-Mills fields from the BLG and ABJM theories is the same as that from 
the (gauged) BF membrane theory after we integrate 5^ out. Therefore, how to obtain the 
non-trivial F^ terms in the D2-brane effective action from the BLG theory, the (gauged) BF 
membrane theory, and the ABJM theory is still a big problem. 



IV. D2-BRANES FROM THE CURVED M2-BRANES 



, we would like to 



97|, we only need 



In spired by the derivation of a single D2-brane from a M2-brane |97| , 
consider the multiple curved M2-branes. To employ the trick in Ref. 
to introduce gravity. For simplicity, we do not consider the dilaton, the vector and scalar 
fields in the eleven-dimensional metric due to compactification, and RR fields, etc. And our 
ansatz for the Lagrangian of the curved M2-branes is 



-^Curved = -f3o\/-det{g) + ^-det{g) £m2s , (40) 

where /3o is a positive constant like membrane tension, (yf^^, is the induced metric on the 
world-volume of multiple M2-branes, and Cm2s is formally given in Eq. ([3]) for the BLG 
theory or in Eq. ( IT6l) for the ABJM theory. In Cm2s, we need to replace rj^i, and da by 
Qfj^i, and Vq,, respectively. Also, we replace e^j^^x by e^j^^x = \^—g^fiuX which will be covariant 
under coordinate transformation. This is a natural action for the multiple M2-branes in the 
curved space-time since it can come back to flat theory after we decouple the gravity. 



Similar to the discussions in Ref. 97|, we introduce an auxiliary filed u and rewrite the 
above Lagrangian as follows 



-^Curved = ^det {g) - - + y-det(5f) Cm2s ■ (41) 

We can obtain the Lagrangian in Eq. (HUj) from Eq. (141 j) by integrating out the auxiliary 
filed u. 



To match the convention in 90|, we give the following VEV to the scalar field 



8m ,1/, if' 1 ^ ,,„. 

< >= f'^ — — ^ J^VXTV , 42 

-det(^) /^o 27ra' 



where we can take = X^^'t'\ K' = 1/f, and A^ = 1 in the BLG theory, take (f) = A^, 
K' = 1 and A = 1 in the (gauged) BF membrane theory, and take = A^ and A' = A in 
the ABJM theory. Thus, the relevant Lagrangian is 

/5o.„w.^ ^ „ „ „ _ 



/:curved = l^det (g) - - + ^-det{g) {~2{<p')B;Bii + 2K'e^'''B;F,\ 

~K'e^''>^U,B;BtBlj . (43) 



Using the results of the novel Higgs mechanism in the Section III and neglecting the 
commutator terms for the A'f^ field strength, we obtain 



|det(,(l.(^.^.^^)-| 



C = ^detig) { 1 + ^^^F-F;, ) - ^ (44) 



10 



Moreover, we use the following identity for the 3x3 matrices that is proved in the 
Appendix A 



Str det {g + 2'Ra'F) = det{g) (1 + ^^^" ^ paf^upa 



4 



flU 



(45) 



where "Str" is the symmetrized trace that acts on the gauge group indices, and "det" acts 
on the world-volume coordinate indices. Integrating out the auxiliary field u, we obtain the 
Lagrangian for multiple D2-brane effective action 



C = - 13^^ J -Sti det {g + 2na'F) . 



However, the well-known Lagrangian for the multiple D2-brane DBI action is 90 1 

C 



-CoStr 



det {g + 2'Ka'F) 



(46) 



(47) 



where Cq is a constant. Because in general the Lagrangian in Eq. (J3H]) is not equivalent to 
that in Eq. WJ\ . we still can not get the correct F^ terms for generic case. 

Interestingly, for gauge symmetry SU{2) x SU{2) in the BLG theory, or the (gauged) 
BF membrane theory, or the ABJM theory, we indeed can get the correct F^ terms. Let us 
prove it in the following. From the Lagrangian in Eq. fHBl) . we obtain 



£ 



-/9o 



\ 



-det(^) ( 1 + ^ ^^' F^/^'-F,". 



4 



^v 



(48) 



Expandind the above Lagrangian, we have the relevant Lagrangian for pure Yang-Mills fields 
at the Minkowski space-time limit 



C 



/3o(27ra 



i\2 



-Tr 



pt^^p 



(27ra 



/\2 



^v 



4 



-{F^^''F,,f + ... 



(49) 



From the known effective action for multiple D2-branes, the relevant Lagrangian for pure 
Yang-Mills fields up to the F^ terms is 90j 

1 



Cdbi = ciTr^F'^'^F, 



^, ^{2Tia'f[F>'''F,,F^„F'"' 



1 1 pyl 1 fj,a- 



PM*^ P PP'^ P PM^ PPO" p p 



/lU-' 



pa 



flU-^ per 



+ 



where ci = vr a cq. For gauge group SU{2), we obtain 

Cdbi = c,tJf^''F^, - {27ra'f (^^(F^'^F^,)^ + ^F^^'^F^'^lF,,, F, 



pa\ 



(50) 



(51) 



Therefore, neglecting the commutator terms and rescaling the gauge fields, we can show that 
the correct F^ terms in the effective D2-brane action in Eq. ( H9l) from the two M2-branes in 
the BLG and ABJM theories are equivalent to these in the known DBI action in Eq. (|5T1) . 



11 



In short, we can generate the correct F^ terms in the effective D2-brane action from the 
BLG theory and the ABJM theory with gauge group SU{2) x SU{2). However, we can not 
get the correct F'^ terms from the ABJM theory with U{N) x U{N) and SU{N) x SU{N) 
gauge symmetries for N > 2. It seems to us that the reasons are the following: the BLG the- 
ory and the ABJM theory with gauge group SU{2) x SU{2) have three-dimensional A/" = 8 
superconformal symmetry while the ABJM theory with U{N) x U{N) and SU{N) x SU{N) 
gauge symmetries for N > 2 might only have three-dimensional A/" = 6 superconformal 
symmetry [72j. However, for the (gauged) BF membrane theory, although the constraint 
V^X^ = is still satisfied, it might be equivalent to three-dimensional A/" = 8 super- 
symmetric Yang-Mills theory. In particular, for the (gauged) BF membrane theory with 
SU{2) X SU{2) gauge symmetry, we can generate the correct F^ terms since it is similar to 
the corresponding BLG and ABJM theories. 

V. DISCUSSION AND CONCLUSIONS 

Using the novel Higgs mechanism, we considered the derivation of the multiple D2-brane 
effective action for pure Yang-Mills fields from the multiple M2-branes in the BLG theory 
and the ABJM theory. We showed that the high-order F^ and F^ terms are commutator 
terms, and we argued that all the high-order terms are commutator terms as well. Thus, 
these high-order terms do not contribute to the multiple D2-brane effective action. In order 
to generate the non-trivial high-order F^ terms and inspired by the derivation of one D2- 
brane from one M2-brane, we considered the curved M2-branes and introduce an auxiliary 
field. In particular, the VEV of the scalar field in the novel Higgs mechanism depends 
on the auxiliary field. After we integrate out the massive gauge fields and auxiliary field, 
we obtain the correct high-order F^ terms in the D2-brane effective action from the BLG 
theory and the ABJM theory with SU{2) x SU{2) gauge group. However, we still can not 
obtain the correct F^ terms in the generic ABJM theory with gauge groups U{N) x U{N) 
and SU{N) x SU{N) for N > 2. This might be related to the possible fact that the 
SU{2) X SU(2) gauge theory has three-dimensional Af = 8 superconformal symmetry while 
the U{N) X U{N) and SU{N) x SU{N) gauge theories ioi N > 2 might only have three- 
dimensional A/" = 6 superconformal symmetry. We also briefly comment on the (gauged) 
BF membrane theory. 
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APPENDIX A: MATHEMATICAL IDENTIFIES 

In this appendix we collect or prove the useful identities in this paper: 

(1) Two useful identities about e in three-dimensional Minkowski space-time 

gM-A^^pa = (-r/^^r/'^" + ri'^'ri"") , (Al) 

(2) Let us prove the identity in Eq. (145|1 which is right for the Abelian and non-Abelian 
cases 

Str det(^ + aF) = det(^^^) Str det(^'' ^ + aF" ^) 

= {detg)Stie^,^,^,{g\^+aF\j{g\.^+aF\jig\^+aF^ ' 



(det g) Str 



l + aF"„ + a [eia^asF ^^F ^3 + (^ai2a3F „^F 



as-' 
3 

«3 



_|_ c f^^ F^ A I „3 pi rp2 rp: 



3 
03 



a^ 



(det g) (1 + -F^'^Fp , (A3) 



where a = 2iiol . 
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